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SECTION II.-GENERAL METEOROLOGY. 
PABTIAL CORRELATION APPLIED TO DAXOTA DATA ON 

WEATHER AND WHEAT YJELD. 
By THOMAS ARTHUR BLAIR, Observer. 

[Weather Bureau, Salt Lake City, Utah, Jan. 29, 1916.1 

In  papers previously published * the writer has shown: 
(1) A definite relation between the rainfall of May antl 

June and the yield of spring wheat! in the Dakotas. This 
relation was expressed by the coefficients of correlation, 
r =  +0.63f0.05 for North Dakota, ani1 +0.59f0.06 
for South Dakota. 

(2) A neaative relation of eomewhht greater value b e  
tween the %ne temperatures ancl the wheat yield, the 
coefficients being - 0.67 f 0.08 and - 0.73 f 0-07, re- 
spec tively . 

Since we have here three related variables capable of 
st.atistica1 statement, it  seems advisable to ostcntl tho 
study of their mutual relations by the application of the 
method of “partial correlation.” At the same time op- 
portunity is tdien to bring the tables down to dak ,  
ancl to present a brief explanation of the meaning and 
application of coefficients of ‘‘ net” or “ partial corre- 
lation.” 

Tho nianner of construct,ing a correlation tahle antl of 
conipu ting cocfficieiits of gross correlation has been fre- 

uently es laiiied in recent issues of the MoxTimY 
%E-mmm Ewmw,’ is illustrated in ‘Fables 1 ancl 2, 
herewith, mid will need no furtlier esplmation. In adcli- 
tion to the correlations of yield wit.li precipitation and 
temperature, there has been added in these tables II 
coniputation of the coeficient of correlation between 

recipi tation and temperature. This slio-AT for each 
!Late a rat.~ier liigh negative value. In otlier words, 
that the wet Mays and ;lunes in the Dakot,rts are in general 
the cool Junes. In view of this fwt, the question 
naturally arises ns to how much of the apprent  relation 
between precipitnt,ion and yield, shown by the coefficients 
0.611 and 0.457, is really due to the influence of precipi- 
tation, and how niuch is due to the simultaneous influ- 
ence of temperature; and similarly, how iiiiicli of the 
apparent relation between temperature and yield is due 
to precipitation. 

I’artiaZ correlation coe#cien~ts.-Partial correlation co- 
efficients enable us to answer siicli cuestions as t,liese. 

more other variables, or, on the suppositiou that the other 
variables become constants. In the case of three guan- 
tities, tlie part.inl coefficient is given by tlie equation 

In other words, they ex less the cbrre ’1 ation between two 
related variables after e P inlinating the influence of one or 

In this equation, the variables are numbered 1, 2, and 3 
and the terms rl?, ~ 1 3 9  and r,, are the ordinary coefficients 
of total correlation between the two variables indicated 
by the subscripts, and r,,., is the coefficient of partial 
correlation between the quantities 1 and 3 after eliminat- 
ing the influence of 3. In tlie enerd caqe, for any niim- 
ber of variables, the equation % econies 

I MONTHLY WEATHER REVIEW, October, 1013, 41: 151.5-1517. 

* See especially Marvin, C. F.: Elementary notes on least squares, 
MONTJXLY WEATHER REVIEW, January, 1915, 43: 24-26. 

etc. MONTHLY WEATHER REVIEW, October, 1916,44: 551-569. 
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in which eciall of the terms represented hg r is the artial 

the period when the effect of t.he quantities following 
the period is teaken into account. Tile numerical solution 
requires tlie succwsive application of these two equations 
eliminnting one variable a t  a time. 

In the case under ronaiderntion, we have only the three 
quantities, precipitution, temperature, and yield to con- 
sider, ant1 reprwcnting these by the letters, p ,  t ,  ant1 y, 
we can at once write ttie equntions as follows: 

correlatioii coefficient hetween tlie two variables K efore 

Substitiit.ing the values given iii Tables I and 2, and 
solving, we have 

For North Dakota: 

--- -0.2183 - -O.%fj, -0.448-( -0.376)(0.611) r t y p =  - d{ 1 --(-0.376)?} { 1-(0.611)2j 0.7535 

-0.376- (0.611)( -0.448) -0.1023 r@.u = - - - = -0.144, 4 { 1 - (0.611)2} { 1 - ( -0.448)* } 0.7078 

For South Dakota: 
0.487 -( -0.555)( -0.622) -- - - 0*1418 

= +0.218, 
rpyt = J ~ 0 . 5 5 5 ) 2 ) { l - ( - 0 . G 2 P j ? }  0.6513 

rty - -0.622-( -0.555)(0.487) -0.3517 --- 0.7266 a -0’4841 . -  d( 1-( -0.555)*) (1 - (0.487)’) 

-0.555 - (0.487)( - 0.683) -0.3.521 
- . 7)2}{1-(-0.622)2) 0.6839 

rpt.y = ~ 0 4 8 ~  .. . .. 13 -- = -0.369. 

We niuy suniniarize the results t,hus, dropping the 

North ’Dakota: 
third figure, 

rm = +0.61; r~ = -0.45; rpr = -0.38; 

rw# = + O S ;  rtrp = -0.30; rWu = -0.14; 

Soli th Dakota: 

‘pv = f0.49; ‘tv = -0.63; ‘pt -0.56; 
‘ p p t  = +0.22: ‘ t p p  -0.48; ‘pt.g = -0.37. 

‘ h e  coefficieiits of total correlation, it will be noted, are 
here somewhat smaller than in the original calculation for 
the shorter period. 

Inntarjmfation OJ resuli%.--Tlie actunl relnt,ion between 
the data for precipitation and Field is sho\n1 by the 
coefficients f0.61 and +OM>; but these are reduced to 
t0.53 n.nd -1-0.32 by eliniinnting the influence of tein- 

peratnrc, aiid t.hese latter thus become the espression of 
the real causative relation between precipitation as such 
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and yield. A considerable part of tlie apparent efield of 
precipitation upon yield is thus seen to be due to t.he 
influence of the accompanying teniperat.ures upon t,im 
yield. Similarly, the real effect of tenipertiture alone is 
shown by the coefficients -0.30 mid -0.4s instead of 
-0.45 and -0.63. The interrelation of -the three factors 

is thus clearly shown; and, further, the values f0.53 nnd 
-0.30 show that for Nort,li Dakota the net efl'ect of prp- 

cipitation is greater bhan that of temperature, d d e ,  oil 
tlie other hand, in South Dakota tlie influence rif  tem- 
perature is tlie eater, as showm by the coefIic:ieiits + O X  

tation of May and June a.nd t.iie teniperatiirc of .June are 
not tlie only influences deterniiiiing the tinal yield of 
wheat, and this is indic.at.ed in these resu1t.s 1 1 ~ 7  t.iie fact 
that the vrllues found for the net! coefivient,s tlo iwi :q)- 

If we could take arwunt of d l  tlie P actors, we should be able to find a coefficient of pirl.inl 
correlation between the yield and any one of t Iicm w1 tic.!; 
would be approximately + 1  or -1. The niagiiit.iitlr of 
the coefficients here found is sufficiento eviclencr t.lia t. t.!ict 
precipitation and temperature expressed in nionti;ly suiiis 
and means are two of the iniport.aiit. frrcl'ors :ifYwtiug 
yield, but not, the oiily importnnt, fact,ors. 

The values of 9-p'pt diudose a met,eurc-Jlogicnllp interest- 
ing connection between precipi t h o n  and t,eniperat IIW. 
which need not be here discussed. It, is necess:;r~., Iic)v-- 
ever, to notice the relative values of the coelfic.init.a rpt 
aud rpt:u, for these illustrate an iinport,aiit, poiat, in h i -  
terpreting the results of part.ial correltitioiis,. showiiig t .1:~ 
necessity for care in ixrriving at  tlie true signifir.u.iit.e of 
such functions. We note that the relations bet\\-eeii pre- 
cipitation and temperature, -0.3s and -0.56, art! rc- 
duced to -0.14 and -0.37 when we consider j-ieltl. 
Now, to follow strict,ly the line of algumeut used ill in- 
te reting tlie other partial coefficients would leiid to the 
re T uctio ad absurdum that the summer yield of w h i t  
affected the relation between t,lie temperatme inid pre- 
cipitation of the previous hfay and June. The point, t,o 
be noted is that in properly inter mting c.oefiiciciits of 

other considerations which of the variables are Uililses 
and which are effects. In  the problem under considerrl- 
tion there is evidently no difficulty on this score: n-e 
know that yield is an effect and the other variables tire 
causes. The relation actually ohtainin bet,ween pre- 

cient r,,, and the meaning of rpt.,, 18 that, if tlie yield hucl 
been the sanie, a differend relation would ham suhsistrd 
between precipitation and temperature, which is 1Jl.lt. 
another way of arriving a t  the general conc.lusion tlint, 
there is a real relation hetween prect.ipitat,ion, t,emper- 
ature, and yidd. 

and -0.48. J f e are aware, of course, thnt, t,lie precipi- 

rosiniate unity. 

partial correlation we niust be ah \ e to determine frciiii 

cipitation and temperature is esprmse d hy tlie coeffi- 

CONCLUSIONS. 

(1) The precipitat,ion of May and June and tlie tem- 
perature of June are import.unt factors, but not the only 
im ortant factors, affecting tlie yield of d i ea t  in the 
Da 5 otas. 
(3) A considerable part of the apparent effect of either 

precipitation or teni erature upon yield is really clue to 

(3) In  rPortli &iota  the influence of precipitation is 
greater than that of temperature, while the reverse is 
true in South Dak0t.a. 

(4) When the precipitation of May and June is above 
the avera e in the Dakotas tlie temperature of June is 

the accom anyin e iT kct of the other. 

generally % elow the average, and inversely. 

TABLE l.-~'orrelal&n~ between the raiilfall of Ma and Jwie, the temper- 
atitre qf Jicne, and the yield per acre of spring ?(>!eat 9 1  North Dakota. 

_ _ _ _  - ~ - -  
Yield. 

De- 

ture. I 
Year. 

Table 1-cowt.putalSotis. 
[pj =-4. i ;  [ t ]  = -4.5: [y] = -4.9: 
131 = SY. 91: [t'] = 263.19: [.u']= 368. 57: 
[lq]=109. 50: pgl=-l;lo. 73: [pl]=-66.4G: 

n= 26. 

= 109.50-0.89 - 177. 84.. - - - 108.61 - - +o. R1l 
177.84 

-140. 73- (-4.5) ___ (-4.9) 
26 =-.- -14Oo.73-0.S5 

''ply= --%x3.2X3.8 316.16 ' 
- 141.58 - = - - -0.448 
316.16 

(-4. 7) (-4.5) 
-55.46-0. 81, -55.46- 26 

= 
36Sl .8X3.2-  149.76 rp /  - 

"rpt = & o G % O .  8586= &O. 113; 



FEBRUARY, 1918. MONTHLY WEATHER REVIEW. 73 

p .  

am 

9.61 aoi 

7.29 
5.29 

0.04 
4.81 

0 
1 . 8  

lass 
1.69 
asa 
am 
am 

23.01 

2.58 
0.81 

10.7.4 
4.84 

1024 

664 
1.69 
4.81 

1.96 
2.25 

Lm.73 

8.41 

i o 0  

.-.-.. 

TABLE 2.-Cme~tion between &rainfall of May and June, the tempera- 
ture of June, and the yield of spring wheat. per acre, in ,South Dakota. 

I Precipitcrtiin. I Temperature. I Yield. I I -~ 
De- 

Yean.part. 
t. --- 

O F .  

ea9-20 
70.3+4.4 

61.2-1.7 

7 a 6 + 4 . 7  
83.7-2.2 

67.0+1.1 
e&o-a9 
67.3 +1.4 
a 4 + a 5  
8 . 4 + 3 . 5  

m 3 + a 4  
m e - 3 . 3  
a.o-ag 
64.5-1.4 
64.4-1.5 

63.9-2.0 
64.2-1.7 
63.7-2.2 
BB.9+1.0 
e a 3 + 2 . 4  

i 3 . 4 + 7 5  
6 4 s  1'1 
69:6'T3:7 
67.5+1.6 
60.4-5.5 

61.5-4.4 
62.7 -3.2 

....- 1.9 
65.9-0.0 

itm.1 

iw.: 
1800..1 

lw..; 
ISBS..! 6.8 

e.e-o.2 

ai+i.a 
4.8-2.2 

0 

3.5-3.3 

a i 6  
10.89 
0.81, 
1.96 
2.25 

---I~--.- I 

1800 +0.51 -1.20 -6.80 
1.69 -5.40 +3.51 -2.M 
7.29-10.12 -11.84 

21.16-14.57 +1626' -21.62 
0.M-0.22 f0.061 -1.76 

12.9 + i . 7  
12.2 +l .  0 
13.8 +2 6 
9.6 -1.6 

13.78+2.5 

0 

2.~9 

6.76 
1.00 

2.56 
6.25 

+a521 +z.?i +0.65 

-0.18 + o . s  -2.34 
+?.a -0.80 -3.30 

+ a 4 4  +O.IY f2.24 
-7.20j+12. 00 -3.75 

Bi.75 _.__.. +1.6 l251.04 .__... 11.2,+aoti - . . .- I 

1903..i 

1805..1 

lwn.. 
1908. . 10.0 
1SoB.. 
1910.. 

1911.. 
1912.. 
1913.. 

1915.. 9.0 

1917.. 

1801.. 

im_./ 

1914.. 

leis. - a2 

sums. .... 
~ e a n s  

Table d-computatiom. 
[p?/=122.73; [ p  =-0.7; /P/=237.78; [t =-I.& [y21=251.04: [y =+l.6; 

[ p ~  43.873 ty =-151.31; [ ~ t  =-94.31; 
n=27; 

7 .0+&2 

11.6+4.8 

7 . 7 + a 9  
+3.2 

9.0+22 
3.9-29 

3.6-3.2 
3.8-3.0 
6.0-0.8 

+a 2 

5.3-1.5 

85-0.3 

a 4 + 1 . 6  

a i + i . 3  

+ i .4  

- a 7  
6.8-0.0 

- VI-- J'"2.73i7yj- (-0.7y 
= 

n 

(1 6)? 
U y = d - - - c  261.04- - 

= 
27 

(-0.7) (1.61 b . Y I - 7  ['I 82.87- 27 
- - 

'PF n updy 27 X2.1 X3.0 

(-1.8) (1.6) 
151.31+0.10 -151.31- 27 

-- - 
27X3.0 X3.0 243.00 r6y = 

-151.21 
243.00 

=- - - -0.622. 

(-0.7) (-1.8) 
- -94.31-0.05 - 27 -94.31- 

27X2.1X3.0 170.10 rpt  = 

-94.36 = -0.555 - -- 
170.10 

0 6745 Erpy'f0.6746 l-lpvs = +~2--X0.7629=fO.O99 

Etty=f ~0.6131=fO.OSO 
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NOIENCLATUBE OF TEE UNIT OF ABSOLUTE PRESSWE. 

Hy CHARLES F. MARVIN. 
[Weather Bureau, Washington, Mar. 30, l9lS.l 

While scientists are striving to secure international 
uniformity of units, nevertheless, right in our midst we 
find growing up a diversity of practice which dl must 
deplore, regarding the nomenclature of pressure in abso- 
lute units, and which if not soon remedied will result 
in much future confusion. Pressure can be conceived 
only with reference to some area over which it acts, and 
pressure multiplied by area is a force. Since the dyne is 
the standard unit of force, a pressure of 1 d le per square 

sure. Indeed, since tlie concept pressure is inseparable 
from sonie area, science might be willinv to grant that 
expressions like "a  pressure of 1 dyiieP' has the same 
meanin RS * ' a  pressure of 1 dyne pn.  square ceii,timeler", 

unit of pressure is a unit. of force on n unit area, and no 
particular nniiie for this unit. is really required. The 
pract.ive and usage through the course of the last decade 
or more relative to the introclucbion of the names "hnracl", 
"barye", "I)ttr", etc., MI names for zd)solute units of res- 
sure is briefly iudicat.ed in the following statement. F rom 
notes furnished by C. F. Tallman nnrl Clevelnnd Abbe, jr., 
United States Weather Bureau. 

A conimitt,ee on uniformity of units of the Brit.isli 
Association for the Advancement of Science recomniended 
(see report of the Association for 1888, p. 28): 

The unit of pressure on the C. G .  8. systein of units. i. e.. t.he pressure 
of 1 dyne per square cent,iiueter, to be called 1. barad. 

Bt the International Physics Congress at, Ptwis, 1900, 
U. Guillaume proposed that the name bwyt? he applied 
to tshe megadyne per square centimet,er. His roposal 
was referred to a conimittee on units, of which P le was a 
member. This comniittee unauiniously recommended 
that the name barye be applied to the dyne, instead of 
the megadyne, per square centimeter. The report of 
the coninlittee was presented at the find session of tlie 
congress, but, 80 far at? appears .from the procPs-vwba.i.i.z, 
no a.ction8 ' ~a t i  taken OR. i.t. 

T. W. Richards and A. E. I<ennelly employed the 
term "bar" to signify a pressure of 1 dyne per square 
centimeter, having either selected t,he term independ- 
ently or taken it as an abbreviated variation of the terms 
" b a r d  " (British Association conimittee) or ' 'barye" 
(Physicists' Congress, 1900). Other instances of re- 
stricted use of the terms barad and me abar are found: 

h a r e  and Laby (1911), pa e 5 and pa e 37, and Smith- 

309 and 316, respectively. 
Meteorologists have long lied occasion to espress 

atmospheric pressures hi absolu t.e twrns,s hut! it remained 
for Bjerknes to recognize the peculiar convenience in 

square centimeter as n unit of pressure, and, through 11s 
pupil J. W. Sandstr6m,4 to introduce it-without assign- 
mg it  a special name nt the time-in his epochal investi- 
gations into the hydrodynamics of the sea and the atmos- 

centimeter seems to constitute the logicn T unit of pres- 

etc., un B ess some other area is named. In other words, B 

e- g., Tables of Physical and (liemica 5 Constants, by 

soiiian Physical Tables, fi B th and sixt. 7 1 editions, pages 

hydrodynamics and atmospherics of the megadyne y?- 

Richards, T. W., in Carnegie Institution of W.whington, Publica- 
tion No. 7. Wwhington. 1903. pp. 43-*3. 

Kennellv. A.  E., in Proc. Am. instit. elect. enp.. 1309. 2.6: 706. 
e. g., Abbr, C. Preparato studies for deductme inethods in storin 

and weather predictions. Tashjngtun, 1890. p. 62. (bnn. rpt., 
C. S. 0. 1SS9, -4 p. 15.) 

San&triim, J? W., & Helland-Hamm, B.  Uebcr die Berechnung 
von Meereeatroiiiungen. Bergen, 1903. So. pp. 2, 1-1-15. (Report 
on Norwegian fishery and marine investigations, v. 2, 1902, No. 4.) 


